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PROBLEM TO BE SOLVED: To provide a coin identifying device 
capable of easily identifying the type and truth/falsehood of a coin with 
high accuracy by paying attention to recessed/projecting information 
made by a punched pattern on the coin surface. 
SOLUTION: This device applies a high frequency electromagnetic 
field to the coin 10 by using an eddy current coil 2, measures the 
impedance of each eddy current coil which is changed by being 
affected by an eddy current generated by the high frequency 
electromagnetic field in the coin and obtains the recessed/projecting 
design of the punched design on the coin surface. The device also 
applies a low frequency electromagnetic field to the coin by using the 
eddy current coil, measures the impedance of the eddy current coil 
which is changed by being affected by an eddy current generated by 
the low frequency electromagnetic field in the coin and obtains 

information about the coin material. The device identifies the type and truth/falsehood of the coin according 
to these information (the impedances of the eddy current coil). 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention makes an eddy current occur for coin using two or more eddy current coils, and 
relates to the coin identification unit which investigates the punching pattern in a coin front face, the construction 
material of coin, etc., and judges the classification and truth of this coin from the impedance of each above-mentioned 
eddy current coil which changes with these eddy currents. 
[0002] 

[A related background technique] The coin identification unit which judges the classification of coin and its truth is 
built into an automatic vending machine or an automatic money processing machine (ATM) as a pre-treatment 
equipment when calculating the charge amount of money. This kind of coin identification unit is constituted so that the 
outer diameter and its thickness of coin, and weight may be measured, and that truth may be chiefly judged by 
comparing with the outer diameter of the coin (two or more sorts of coin made into a handling object) of normal 
currently called for beforehand, thickness, and weight, respectively to be the classification of coin and it may reject 
about a counterfeit coin. 

[0003] However, it is dealt with, there is coin besides an object, for example, the coin of a foreign country, and a 
possibility similar to the descriptions (an outer diameter, thickness, weight, etc.) of the coin of the normal made into a 
handling object of incorrect-recognizing this is in many coin. 
[0004] 

[Problem(s) to be Solved by the Invention] Then, to detect as an image the concavo-convex information which the 
punching pattern in a coin front face makes, to carry out recognition processing of the description of this image, and to 
identify that classification is tried. However, it may be difficult for the dust and dirt adhering to a coin front face to 
become a cause, and to detect the description of the punching pattern on the front face of coin itself with a sufficient 
precision. Furthermore, when comparing the description of the image which the punching pattern on the front face of 
coin makes with the description of the image shown according to the punching pattern of the coin of the normal made 
into a handling object, after carrying out revolution processing of the processing-object image, matching processing is 
carried out, or processing of performing the Fourier transform is needed suitably. There is nonconformity referred to as 
the processing which discernment of this reason and coin takes being complicated, and requiring the great processing 
time. 

[0005] This invention was made in consideration of such a situation, and the object is in offering the coin identification 
unit which can identify the classification and truth with a sufficient precision simple moreover paying attention to the 
concavo-convex information which the punching pattern in a coin front face makes. 
[0006] 

[Means for Solving the Problem] When this invention adds a field to coin using an eddy current coil, it notes that the 
eddy current produced for coin by this field changes with construction material, thickness, etc. of this coin, and the 
impedance of this eddy current coil changes in response to the effect of this eddy current, in order to solve the problem 
mentioned above. 

[0007] Then, continuing throughout coin using an eddy current coil, and adding a high-frequency field locally one by 
one so that it may indicate to claim 1, so that the coin identification unit concerning this invention may simplify 
classification of coin, and its truth and may identify them to high degree of accuracy The impedance of said eddy 
current coil which changes with these high-frequency fields in response to the effect of the eddy current produced for 
coin is measured. Acquire the concavo-convex information on the punching pattern in a coin front face, and, on the 
other hand, a low frequency field is added to coin using said eddy current coil. The impedance of said eddy current coil 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 9/28/2004 



Page 2 of 8 

which changes with these low frequency in response to the effect of the edd>^fcrent produced for coin is 
measured, the information about the construction material of coin is acquired, and it is characterized by identifying 
coin according to such information. 

[0008] That is, the coin identification unit simplifies the class and truth of coin and it enabled it to identify to high 
degree of accuracy by acquiring the information about the construction material of coin from the impedance of the 
eddy current coil when this invention acquiring the concavo-convex information on the punching pattern in a coin front 
face from the impedance of each eddy current coil when carrying out RF actuation of two or more eddy current coils, 
and carrying out low frequency actuation of the specific eddy current coil is offered. 

[0009] RF actuation of two or more eddy current coils by which two-dimensional array is carried out and opposite 
arrangement is more specifically carried out on a coin front face is carried out, and low frequency actuation of said 
eddy current coil is carried out, and the impedance of said eddy current coil which changes in response to the effect of 
the eddy current produced for said coin synchronizing with actuation of these eddy current coils is detected. And the 
impedance of said eddy current coil when carrying out low frequency actuation of said eddy current coil is compared 
with the above-mentioned impedance currently beforehand called for about the coin of normal, and the construction 
material of this coin is judged. Moreover, it asks as description information showing the concavo-convex information 
on a punching pattern [ in / for the impedance of each eddy current coil when carrying out RF actuation of said eddy 
current coil / a coin front face ], this description information is compared with the description information on the coin 
of normal currently called for beforehand, and the classification of coin is identified. It is characterized by creating as 
description information showing the concavo-convex information on a punching pattern [ in / for the histogram which 
shows especially distribution of an impedance / a coin front face ], comparing this histogram with the above-mentioned 
histogram of the coin of normal currently called for beforehand, and identifying the classification of coin. 
[0010] The desirable mode of this invention is realized as a coil array which makes a predetermined geometric array as 
a coil array which said two or more eddy current coils made the rectangle-like grid on the flat surface, and was 
arranged. Moreover, said RF driving means carries out RF actuation of all the eddy current coils that constitute said 
coil array at order, and scans the whole region of coin, and said low frequency driving means is constituted so that low 
frequency actuation only of the specific eddy current coil in said coil array may be carried out. For example, the 
specific eddy current coil by which low frequency actuation is carried out is set up as an eddy current coil of the 
predetermined number arranged in the abbreviation center section in two or more eddy current coils which make a coil 
array. In addition, said coil array which put in order and prepared the coil array in the flank of two or more eddy 
current coils, or prepared in piles the eddy current coil by which low frequency actuation is carried out is good also as 
an eddy current coil of the independent dedication. 

[001 1] Moreover, the coin identification unit concerning this invention is equipped with a diameter measurement 
means of coin to measure the diameter of coin, and consists of impedances of each eddy current coil when carrying out 
RF actuation of said eddy current coil further. Furthermore, it has a coin thickness measurement means to measure the 
thickness of coin, and consists of impedances of each eddy current coil when carrying out RF actuation of said eddy 
current coil. Moreover, the coin identification unit concerning this invention is equipped with an image-processing 
means to regard the concavo-convex information on the punching pattern in a coil front face as two-dimensional or a 
three-dimension image, and consists of impedances of each eddy current coil when carrying out RF actuation of said 
eddy current coil. 

[0012] In addition, an eddy current coil is driven on the frequency of 10kHz - about 100kHz, and it is constituted so 
that low frequency electromagnetic field may be generated, so that it drives an eddy current coil on the frequency of 
700kHz - about 1MHz, it is constituted so that RF electromagnetic field may be generated so that said RF driving 
means may occur an eddy current near the front face of coin, and said low frequency driving means may occur an eddy 
current inside coin. 

[0013] It realizes as a voltage-controlled oscillator with which adjustable control of the oscillation frequency is carried 
out by the control voltage applied from the outside, and said RF driving means and a low frequency driving means 
change the frequency which drives an eddy current coil by changing the above-mentioned control voltage, and, 
specifically, function as a RF driving means or low frequency driving means. Moreover, through a multiplexer, 
alternatively in response to the fact that the output from a voltage-controlled oscillator, oscillation actuation of two or 
more eddy current coils concerning this invention is carried out, and the above-mentioned multiplexer is constituted so 
that the eddy current coil which carries out oscillation actuation may be scanned at a high speed. 
[0014] In addition, it is also possible to prepare the eddy current coil by which low frequency actuation is carried out 
apart from two or more eddy current coils by which RF actuation is carried out. Moreover, it is desirable to add the low 
frequency electromagnetic field which it faced [ electromagnetic field ] to carry out low frequency actuation of the 
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eddy current coil, and to investigate the c^^uction material of coin, and said edd^^rent coil was selectively driven 
[ electromagnetic field ], for example on two or more sorts of frequencies of about 100kHz, or changed the drive 
frequency of said eddy current coil continuously in the 100kHz - about 700kHz frequency range, and made it generate 
by this to two or more parts of coin. 
[0015] 

[Embodiment of the Invention] Hereafter, the coin identification unit applied to the operation gestalt of this invention 
with reference to a drawing is explained. Drawing 1 (a) shows the outline configuration of the coil array 1 included in 
the coin identification unit concerning this operation gestalt. This coil array 1 makes the lattice (matrix array) of the 
shape of a rectangle of a m line xn train on a flat surface, and the eddy current coil 2 of plurality (mxn individual) is 
constituted. The coil array 1 specifically than the outer diameter of the coin made into a handling object [ larger ] For 
example, a curled form flat-surface coil with an outer diameter [ as shown at drawing 2 on the 30mmx insulating 
substrate 3 predetermined / with a magnitude of about 50mm ] of 2mm - about 5mm is used as the eddy current coil 2. 
It realizes as a printed circuit board which formed two or more flat-surface coils (eddy current coil 2) by the 
predetermined array pitches Px and Py (for example, about 6mm). 

[0016] Common connection of lead terminal 2a of the couple of each of these eddy current coils 2 and the 2b is made 
for every line and train, respectively, and they are drawn as lead terminal 4a for line selection in the coil array 1, and 
lead terminal 4b for train selection. One of the lead terminal 4a for these line selections is specified, and one of the lead 
terminal 4b for train selection is specified simultaneously, and by energizing between these lead terminal 4a and 4b, 
one eddy current coil 2 in the coil array 1 is specified alternatively, and it drives. 

[0017] In addition, two or more eddy current coils 2 which constitute the coil array 1 are used in order to impress a 
high-frequency field locally to coin so that it may mention later. Moreover, four eddy current coil 2x arranged, specific 
eddy current coil 2, for example, abbreviation center section, in two or more eddy current coils 2 by which the matrix 
array was carried out, are used also in order to impress a low frequency field to coin. 

[0018] Energization actuation is carried out by the alternating current of a predetermined frequency, and the eddy 
current coil 2 (2x) generates a field (a high-frequency field or low frequency field), and bears the role which occurs the 
eddy current according to that construction material, thickness, etc. for this coin by impressing this field (alternating 
current field) to coin locally. And the eddy current coil 2 (2x) bears the role which functions as the sensor section for 
detecting change of the impedance as a description of coin using the eddy current produced for coin acting on the eddy 
current coil 2 (2x), and resulting in change to the impedance of this eddy current coil 2 (2x) so that it may mention 
later. 

[0019] The coil array 1 equipped with such two or more eddy current coils 2 is arranged along with the guide 1 1 which 
forms the path of coin 10, as the outline configuration of the sensing section in a coin identification unit is shown in 
drawing 3 - drawing 5 . The front view in which drawing 3's having fractured a part of sensing section, and having 
shown the internal structure incidentally, the top view where drawing 4 looked at the sensing section from the upper 
part, and drawing 5 are the side elevations which looked at the sensing section from [ of coin 10 ] migration. 
[0020] That is, on both sides of the guide 1 1 which forms the path of coin 10, the sensing section forms two coil arrays 
1 in parallel, and is constituted. These coil arrays 1 are arranged so that face to face may be stood against parallel, 
respectively at the table rear face of the coin 10 which moves in the array side of the eddy current coil 2 while it is led 
by the guide 1 1 and rolling. Especially the coil array 1 is set up so that the effect of the eddy current which the 
respectively minute gap was separated, contiguity arrangement was carried out, and the generating field of the eddy 
current coil 2 acted on the table rear face in which the punching pattern of the shape of irregularity of coin 10 was 
formed in a coil 10 sufficiently strongly, and was produced for coin 10 may act in the eddy current coil 2 concerned 
sufficiently strongly. 

[0021] In addition, although the example which prepares the sensing section in the path to which it is made to move, 
rolling coin 10 here is shown, it is also possible to prepare the sensing section in the path to which it is made to move, 
sideslipping coin 10, and the drop path of coin 10. Moreover, of course, it is also possible to use the forming face of the 
eddy current coil 2 in the coil array 1 by the protective coat as some guides 1 1 which form the path of coin for a bonnet 
and this coil array 1 very thing. 

[0022] By the way, it is also possible to realize as eddy current coil 2y of dedication which put in order and prepared 
the eddy current coil for impressing a low frequency field to coin 10 in the coil array 1 as shown in drawing 1 (b) 
independently [ two or more eddy current coils 2 by which make the coil array 1, are prepared and RF actuation is 
carried out ]. moreover - or it is also possible to realize the eddy current coil for impressing a low frequency field as 
eddy current coil 2y of the dedication prepared in the coil array 1 in piles. In this case, as eddy current coil 2y for low 
frequency actuation, it is desirable to consider as the thing of the major diameter of path extent of coin 10. Moreover, 
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what is necessary is just to arrange these e^^ current coils 2, 2x, and 2y along the so that face to face may be 
stood against coin 10, respectively as shown in drawing 6 (a) and (b), respectively. 

[0023] Now, roughly, the coin identification unit which drives each eddy current coil 2 of the coil array 1 mentioned 
above, detects the description of coin 10, and identifies the classification of this coin 10 is constituted, as shown in 
drawing 7 . This coin identification unit operates a controller 22 under control of a microprocessor 21, it drives each 
eddy current coil 2 of the coil array 1 so that it may explain below, and it detects the description of coin 10 as an 
impedance of each eddy current coil 2 which changes with these coin 10. And it is constituted so that the classification 
of coin 10 and its truth may be judged according to the impedance of each detected eddy current coil 2. 
[0024] That is, while a controller 22 drives a multiplexer 23 and chooses two or more eddy current coils 2 of the coil 
array 1 in order, this eddy current coil 2 is driven by adding the alternating current of the predetermined frequency 
outputted to the selected eddy current coil 2 from the voltage-controlled oscillator (VCO) 24. According to the clock 
signal CLK of the predetermined periodicity emitted from a controller 22, a multiplexer 23 chooses one like a 
sequential patrol of lead terminal 4b for train selection of the coil array 1, and impresses the output (alternating current) 
of the voltage-controlled oscillator 24 for every train to two or more eddy current coils 2. 

[0025] Simultaneously, a multiplexer 23 changes lead terminal 4a for line selection to ground one by one, whenever 
selection of lead terminal 4b for the above-mentioned train selection takes a round, while grounding selectively [ lead 
terminal 4a for line selection of the coil array 1 / one ]. One of two or more of the eddy current coils 2 in which the 
matrix array was carried out by the line of the coil array 1 by such multiplexer 23 and selection actuation of a train is 
chosen in order, and energization actuation is carried out with the voltage-controlled oscillator 24. That is, energization 
actuation of two or more eddy current coils 2 is scanned two-dimensional according to the array. 
[0026] Moreover, the electrical potential difference between terminals of the eddy current coil 2 in which energization 
actuation is chosen and carried out by the multiplexer 23 (the amplitude or its phase) is detected through amplifier 25 
as an output (alternating voltage) from the voltage-controlled oscillator 24 selectively added to lead terminal 4b for 
train selection of the coil array 1. This amplifier 25 bears the role which detects change of the impedance of the eddy 
current coil 2 as change of the amplitude of the signal (output of the voltage-controlled oscillator 24) which drives this 
eddy current coil 2, or a phase. And synchronizing with the timing of the multiplexer 23 by said controller 22 of 
operation, the amplitude / phase detector 26 samples the output of amplifier 25 synchronizing with selection actuation 
of the eddy current coil 2, detects the amplitude and phase, and presents the data collection by the microprocessor 21, 
and its storage with them. 

[0027] Incidentally, when coin 10 is led to the sensing section mentioned above, a controller 22 controls actuation of a 
multiplexer 23 to carry out energization actuation of all the eddy current coils 2 of the coil array 1 first at order, in 
response to the fact that the command from a microprocessor 21. under the present circumstances, the controller 22 
the voltage-controlled oscillator 24 - receiving - the 1st control voltage - impressing this voltage-controlled 
oscillator 24 ~ the frequency of 700kHz or more - oscillation actuation is preferably carried out on the frequency of 
about 1MHz. RF actuation of all the eddy current coils 2 is carried out one by one by this on the frequency which is 
about 1MHz. 

[0028] And when RF actuation of all the eddy current coils 2 is completed, a controller 22 controls actuation of a 
multiplexer 23 to carry out sequential energization actuation only of the specific eddy current coil 2x mentioned above 
shortly. And at this time, a controller 22 impresses the 2nd control voltage to the voltage-controlled oscillator 24, and 
carries out oscillation actuation of this voltage-controlled oscillator 24 on the frequency of 100kHz - about 700kHz. 
Low frequency actuation only of the specific eddy current coil 2x is carried out one by one by this on the frequency 
which is 100kHz - about 700kHz. Therefore, the voltage-controlled oscillator 24 collaborates with a controller 22, and 
functions selectively as the RF driving means which carries out RF actuation of the eddy current coil 2, and a low 
frequency driving means which carries out low frequency actuation of the eddy current coil 2. 
[0029] in addition, the time of specific eddy current coil 2x mentioned above being chosen in the process which is 
carrying out RF actuation while choosing the eddy current coil 2 in order - this - synchronizing - actuation of the 
voltage-controlled oscillator 24 - controlling - this - it may be made to carry out low frequency actuation of eddy 
current coil 2x. That is, low frequency actuation of the specific eddy current coil 2x is carried out, other eddy current 
coils 2 are beforehand set up so that RF actuation may be carried out, and you may make it complete the scan covering 
the whole region of the coil array 1 by driving only once two or more eddy current coils 2 (2x) which the coil array 1 
has one by one. 

[0030] Thus, the oscillation amplitude of each eddy current coil 2 (2x) when carrying out energization actuation of 
each eddy current coil 2 (2x) is detected in order through amplifier 25, and the amplitude/phase detector 26 as 
information which shows the impedance of the eddy current coil 2 (2x) which changed with coin 10, changing 
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actuation conditions. That is, amplifier 2^frused as an impedance measurement mJfes against the eddy current coil 2 
(2x). 

[0031] The impedance of the eddy current coil 2 (2x) which changes with coin 10 here is explained. Drawing_8 
undergoes the output from the voltage-controlled oscillator 24, and shows typically the relation between one eddy 
current coil 2 by which energization actuation is selectively carried out under actuation of a multiplexer 23, and the 
coin 10 to which alternating current electromagnetic field are locally added with this eddy current coil 2. If the 
alternating current electromagnetic field phi which the eddy current coil 2 generated are added to coin 10, an eddy 
current Ic will occur to the part which the alternating current electromagnetic field of coin 10 cross. The magnitude of 
this eddy current Ic changes with the construction material and thickness (resistivity) of coin 10. Moreover, the 
magnetic flux which this eddy current Ic generates acts so that the alternating current magnetic flux which the eddy 
current coil 2 generates may be negated. Since the magnetic flux which the eddy current coil 2 generates substantially 
will be reduced even if the current which drives the eddy current coil 2 is fixed for this reason, the inductance Z of this 
eddy current coil 2, i.e., an impedance, will decrease. 

[0032] If it puts in another way, and an alternating current field will be added to coin 10 from the eddy current coil 2 
and an eddy current will be occurred for this coin 10, the impedance of the eddy current coil 2 will fall in response to 
the effect of this eddy current. And the effect the magnetic flux which an eddy current Ic generates affects the eddy 
current coil 2 acts so strongly that the distance d of the eddy current coil 2 and the front face of coin 10 is short, and its 
lowering of the impedance of the eddy current coil 2 is large. 

[0033] Amplifier 25 is regarding change of such an impedance of the eddy current coil 2 as change of the amplitude of 
the signal which drives the eddy current coil 2, and detects the impedance of this eddy current coil 2. Since it is 
dependent on change of the distance d with the irregularity by the punching pattern of the front face of not only the 
construction material of coin 10 but the coin 10, as a result the eddy current coil 2, the impedance of the eddy current 
coil 2 which changes in response to the effect of the eddy current produced especially for the coin 10 becomes possible 
[ extracting the description of coin 10 ] by detecting this impedance. 

[0034] An eddy current occurs to the field near the front face of coin 10, and if the frequency of alternating current 
electromagnetic field becomes low at reverse, a field will permeate the interior of coin 10 and it will become easy to 
generate an eddy current in the interior, so that the frequency of the alternating current electromagnetic field which the 
eddy current coil 2 incidentally generates is high. Therefore, what is necessary is just to make it drive the eddy current 
coil 2 in an about 1MHz RF so that an eddy current may be occurred on the front face of the coin 10 which has the 
concavo-convex side which makes a punching pattern, in detecting the information on concavo-convex that the 
punching pattern on the front face of a coil is made. Thus, if an eddy current Ic is occurred on the front face of coin 10, 
with the distance d with the eddy current coil 2 which changes with the irregularity of the front face of coin 10, the 
effect of the above-mentioned eddy current Ic will act on the eddy current coil 2 greatly, and will change the 
impedance of this eddy current coil 2 a lot. Consequently, it becomes possible from change of the impedance of the 
eddy current coil 2 to detect effectively the irregularity which the punching pattern of the front face of coin 10 makes. 
[0035] Conversely, what is necessary is just to make it set up the drive frequency of the eddy current coil 2 low with 
10kHz - about 100kHz, in detecting the information on the construction material of coin 10 in order to generate an 
eddy current in the interior of coin 10 so that an eddy current Ic may change with the construction material a lot. Thus, 
only the effect of the magnitude of the eddy current Ic generated inside coin 10 will attain to the eddy current coil 2, 
without being influenced [ most ] by the distance d with the eddy current coil 2 by the irregularity of the front face of 
change, if the interior of coin 10 is made to generate an eddy current Ic. And since the magnitude of the eddy current Ic 
generated inside coin 10 is greatly influenced by the construction material of coin 10, it becomes possible [ acquiring 
the information about the construction material of coin 10 ] from change of the impedance of the eddy current coil 2. 
The actuation conditions (drive frequency) of the eddy current coil 2 which controls actuation of the voltage-controlled 
oscillator 24 and is set up as mentioned above are defined based on such knowledge. 

[0036] Next, the coin discernment processing performed by the microprocessor 21 is explained. Drawing_9 shows an 
example of the rough procedure of a microprocessor 21 . This processing is started from detecting the input of coin 10 
using the various coin detection sensors (not shown) built into a coin path [step SI]. If the input of coin 10 made 
applicable to discernment is detected, a microprocessor 21 starts a controller 22, with [step S2] which operates the 
voltage-controlled oscillator 24 with high frequency first, will control actuation of a multiplexer 23 and will carry out 
RF actuation of all the eddy current coils 2 of the coil array 1 at order [step S3]. And the amplitude / phase detector 26 
is driven synchronizing with RF actuation of these eddy current coils 2, sequential detection is carried out and sample 
hold of the impedance of the eddy current coil 2 measured through amplifier 25 is carried out [step S4]. Thus, 
sequential storing is carried out at the internal memory (not shown) with which the microprocessor 21 was equipped, 
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and detection processing of the concavo-c^^ex information on the front face of th^fcn 10 by RF actuation of two or 
more eddy current coils 2 ends the impedance of each measured eddy current coil 2 by [step S5] and this. 
[0037] Then, a microprocessor 21 carries out RF actuation only of the eddy current coil 2x as which actuation of a 
multiplexer 23 was controlled and it was specified in the coil array 1 with [step S6] which operates the voltage- 
controlled oscillator 24 by low frequency first at order [step S7]. And the amplitude / phase detector 26 is driven 
synchronizing with these low frequency actuation of eddy current coil 2x, sequential detection of the impedance of the 
eddy current coil 2 measured through amplifier 25 is carried out, and sample hold of this is carried out [step S8]. thus, 
it was measured ~ each - [step S9] which carries out sequential storing also with the impedance of eddy current coil 
2x at the internal memory (not shown) with which the microprocessor 21 was equipped. Detection processing of the 
information about the construction material of the coin 10 by low frequency actuation of the eddy current coil 2 is 
completed by the above processing. 

[0038] After an appropriate time, a microprocessor 21 starts discernment processing of coin 10 as the internal 
processing according to the impedance of each eddy current coil 2 (2x) stored in memory as mentioned above. It 
discriminates from the impedance of each eddy current coil 2 by which RF actuation was carried out first with a 
predetermined threshold, and this discernment processing investigates the array location for example, on the coil array 

1 of the eddy current coil 2 without change of an impedance, and this eddy current coil 2 [step S10]. And from the 
positional information of the eddy current coil 2 without impedance change, in quest of the eddy current coil 2 which 
stood face to face against coin 10 at the time of impedance measurement, the outline (overall magnitude) of this coin 
10 is investigated conversely, and the overall diameter is measured as an outer diameter of coin 10 [step SI 1]. And 
according to this outer diameter, the microprocessor 21 is prepared beforehand, for example, the classification 
candidate of coin 10 is selected with reference to a table as shown in drawing 10 [step SI 2]. 

[0039] namely, the outer diameter of two or more sorts of coin (coin of normal) made into a handling object (object for 
discernment) at a table and thick information the information on construction material (impedance of the eddy 
current coil which changes with construction material), the concavo-convex information on a punching pattern 
(information on an impedance that it changes with irregularity), etc. are further described as criteria data beforehand. 
The classification of the coin considered that this coin 10 corresponds by referring to such a table according to the 
outline (outer diameter) of the measured coin 10 is selected as the candidate. In addition, when the corresponding 
classification candidate is not found out, [step SI 3] and the coin 10 concerned are dealt with, and it rejects as not being 
the target coin (counterfeit coin) [step SI 4]. 

[0040] Now, if it carries out and the classification candidate to coin 10 is called for as mentioned above, the impedance 
of this eddy current coil 2 detected by carrying out low frequency actuation of the specific eddy current coil 2x 
mentioned above next will be read from memory, and matching processing of this impedance will be carried out with 
the information on an applicable classification candidate's construction material described by said table (impedance of 
the eddy current coil which changes with construction material) [step SI 5]. In this case, it asks for four specified total 
of each impedance of eddy current coil 2x, or the average of each impedance as a measurement impedance, 
corresponding to how to ask for the impedance of the eddy current coil in which the information on the construction 
material of the coin 10 described by the table is shown, and this measurement impedance is compared with the 
impedance described by the table. 

[0041] And the classification candidate who chose on the basis of the outer diameter of coin 10 by matching processing 
of this impedance as mentioned above judges whether consistency can be taken also in respect of that construction 
material [step SI 6]. In addition, that consistency is not found out in matching processing of this impedance, but in the 
construction material of coin 10 dealing with it and differing from the construction material of the target coin, it rejects 
this as a counterfeit coin [step SI 4]. 

[0042] In the matching processing about the construction material mentioned above, if consistency with a classification 
candidate is checked, discernment processing based on the concavo-convex information which the punching pattern of 
the front face of coin 10 makes next will be performed. This processing reads the impedance of each eddy current coil 

2 called for when RF actuation of two or more eddy current coils 2 is carried out, and it is started from creating that 
histogram [step SI 7]. This histogram is created by carrying out counting of a partition opium poppy and the number of 
the eddy current coils 2 which have the impedance of that magnitude for every level to two or more level which set up 
the impedance of each eddy current coil 2 beforehand according to that magnitude. And distribution of an impedance is 
expressed with creating the histogram which sets an axis of abscissa as the impedance divided on two or more level, 
and sets an axis of ordinate as the number of the eddy current coils 2. 

[0043] The impedance of each eddy current coil 2 called for when RF actuation of the eddy current coil 2 is 
incidentally carried out changes with the distance d of the concavo-convex side and the eddy current coil 2 in the front 
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face of coin 10, as mentioned above. And^f irregularity of the front face of coin Aows the punching pattern of 
coin 10. This reason and the impedance divided by two or more level as mentioned above show extent of the 
irregularity of the difference in the above-mentioned distance d, as a result the front face of coin 10. Therefore, the 
histogram mentioned above shows the distribution situation of surface irregularity that the punching pattern of coin 10 
was formed. 

[0044] Matching processing of such a histogram is carried out with the histogram of the irregularity information 
(histogram of the impedance which changes with irregularity) of the punching pattern of the target coin [ deal with it 
and ] beforehand registered into the table, and the classification candidate called for as especially mentioned above, 
and the consistency of the punching pattern of coin 10 is judged by [step SI 8] and this [step SI 9]. 
[0045] Even if the punching pattern of coin 10 that classification incidentally differs is alike, the condition of the 
irregularity which the punching pattern generally makes changes greatly with classification of coin, and there is a big 
difference also in the distribution situation of the irregularity in the surface whole region of coin 10. When a hole is put 
on and altered into the front face in order to adjust especially the weight of coin 10 and the punching pattern of coin 10 
itself is transformed greatly, a concavo-convex distribution situation changes substantially. 

[0046] That is, even if it is two kinds of coin in which the outer diameter and the punching pattern are alike, as shown, 
for example in drawing 1 1 , as compared with the distribution (histogram A) of the irregularity on the front face of coin 
made into a handling object, distribution (histogram B) of the irregularity on the front face of coin of the outside, for 
handling has a remarkable difference in the peak location and width of face of a flare, deflection, etc. Therefore, if the 
histogram which shows concavo-convex distribution is compared, it will become possible to judge effectively the 
condition of the irregularity which the punching pattern formed in the front face of coin 10 makes, i.e., the description 
of a punching pattern. 

[0047] Then, when the consistency of the concavo-convex information which a punching pattern shows is checked by 
such matching processing of a histogram, the candidate classification called for as mentioned above is decided noting 
that it is the classification of the coin 10 concerned [step S20]. Moreover, the coin 10 is rejected noting that the 
punching pattern is un-exact (i.e., ****** [ it differs from the thing of the coin made into a handling object ]), when 
matching of a histogram goes wrong [step SI 4]. 

[0048] In addition, about matching processing of the punching pattern of the front face of the coin 10 by the histogram 
of the impedance mentioned above, it is desirable to perform to each punching pattern of the front face of coin 10 and a 
rear face, respectively about the information (impedance) detected to both sides (table rear face) of coin 10 by two coil 
arrays 1 by which opposite arrangement was carried out, respectively, respectively. 

[0049] It does in this way. As change of the impedance of the eddy current coil 2 (2x) According to the coin 
identification unit which detects the construction material of coin 10, the outer diameter of coin 10, and the concavo- 
convex information that the punching pattern of the front face makes further, and judges the classification of coin 10, 
and its truth according to such information The discernment can be performed with a simply and sufficient precision, 
without being influenced by the dust and dirt adhering to a coin front face unlike what detects the information on the 
front face of coin 10 optically. And since the impedance of this eddy current coil 2 (2x) that changes in response to the 
effect of the eddy current produced for coin 10 by the alternating current field added from the eddy current coil 2 (2x) 
itself is detected as description information on coin 10, it is not necessary to prepare separately the coil for alternating 
current field generating, and the coil for sensing, and the configuration of the sensing section is dramatically easy. 
Therefore, since what is necessary is just to form two coil arrays 1 in both sides of coin 10, respectively even if it faces 
[ detecting, respectively ] the concavo-convex information which the punching pattern on the rear face of a table of 
coin 10 makes, the configuration is easy. 

[0050] Moreover, an eddy current is made to occur in the surface section of coin 10 by carrying out RF actuation of the 
eddy current coil 2. Concavo-convex information is detected from change of the impedance of the eddy current coil 2 
at that time. Moreover, since an eddy current is made to occur inside coin 10 by carrying out low frequency actuation 
of eddy current coil 2x and the information about the construction material of coin 10 is acquired from change of the 
impedance of eddy current coil 2x at that time For example, the description of the property in which coin 10 differs is 
effectively detectable, respectively only by changing the actuation conditions of the eddy current coil 2 (2x). 
[0051] Furthermore, it detected as change of the impedance of the eddy current coil 2 in which the irregularity which 
the punching pattern of the front face of coin 10 makes is shown, the axis of abscissa was set as the impedance value 
for the histogram which shows distribution of this impedance, and the description of the punching pattern which the 
irregularity of the front face of coin 10 makes is caught by creating the number of the eddy current coils 2 which 
acquired each impedance value as an axis of ordinate. And since matching processing of this histogram is carried out, 
the discernment (collating) based on the description of the punching pattern of the front face of coin 10 is easy, and, 
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moreover, can make that discernment pre^Rn high enough. Moreover, since com^feted processing of rotating the 
information which shows a punching pattern by using such a histogram, and arranging the direction of a pattern 
becomes unnecessary, there is an advantage — large simplification of discernment processing and shortening of a 
processing duration can be attained. 

[0052] In addition, this invention is not limited to the operation gestalt mentioned above. As the eddy current coil 2 is 
shown in drawing 5 , from the concavo-convex information on the front face of the coin 10 called for by carrying out 
RF actuation For example, the table rear face of coin 10, The both sides are asked for the average clearance davel and 
dave2 with two coil arrays 1 (eddy current coil 2) by which opposite arrangement was carried out, respectively. 
Thickness t of coin 10 is measured as (t=D-davel-dave2) from the opposite distance D between these coil arrays 1, 
comparison collating of this thickness t is carried out with the thickness information on the coin registered into the 
table, and you may make it assist discernment processing of coin. 

[0053] Moreover, although the information on the punching pattern of coin 10 was regarded as a histogram of the 
impedance which shows irregularity and being used for discernment processing, in an operation gestalt, the detection 
location is regarded as a two-dimensional image image developed as plane coordinates, and it may be made to make 
into brightness information concavo-convex information (impedance) in each part of the coin 10 which a punching 
pattern forms, and to carry out discernment processing. Or it is also possible to make into distance (height) with the 
eddy current coil 2 concavo-convex information (impedance) in each part of the coin 10 which a punching pattern 
forms, to regard the detection location as three-dimension-data developed as plane coordinates, and to use for 
discernment processing. 

[0054] Furthermore, it is also possible to constitute so that low frequency actuation of eddy current coil 2x is carried 
out, and it faces to acquire the information about the construction material of coin 10, and change that drive frequency 
gradually in a predetermined frequency range (for example, 10kHz - 700kHz), or may make it change continuously in 
a predetermined frequency range, that impedance may be measured for every frequency, the change pattern depending 
on the frequency of this impedance may be caught and the construction material of coin 10 may be judged. In this case, 
in case low frequency actuation of eddy current coil 2x is carried out, what is necessary is just made to carry out 
adjustable control of the oscillation frequency of the electrical-potential-difference adjustable mold oscillator 24 under 
control of a controller 22. 

[0055] Moreover, what is necessary is just not to set according to the number of the eddy current coils 2 incorporated 
as a coil array 1, its array pitch, and the specification of the coin which makes the array pattern etc. a handling object 
further, and in short, in the range which does not deviate from the summary, this invention can deform variously and 
can be carried out. 
[0056] 

[Effect of the Invention] Since the information about the construction material of coin is acquired from the impedance 
of the eddy current coil when according to this invention carrying out RF actuation of the eddy current coil, adding a 
high-frequency field to coin, acquiring the concavo-convex information on the punching pattern in a coin front face 
from the impedance of each eddy current coil at that time, as explained above, and carrying out low frequency 
actuation of the specific eddy current coil and the class and truth of coin are identified, it can simplify and coin can be 
identified to high degree of accuracy. The coin identification unit which can identify the classification and truth of coin 
to high degree of accuracy can be offered without being influenced of dust, dirt, etc. adhering to this reason and a coin 
front face. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Two or more eddy current coils by which two-dimensional array is carried out and opposite arrangement is 
carried out on a coin front face, The RF driving means which carries out RF actuation of these eddy current coils, adds 
a high-frequency field to said coin locally, and occurs an eddy current, The low frequency driving means which carries 
out low frequency actuation of said eddy current coil, adds a low frequency field to said coin, and occurs an eddy 
current, An impedance measurement means to detect the impedance which originates in the eddy current produced for 
this coin of the eddy current coil which added the field, and changes to said coin, The impedance of this eddy current 
coil when carrying out low frequency actuation of said eddy current coil, A construction material judging means to 
compare the certified value of the above-mentioned impedance currently beforehand called for about the coin of 
normal, and to judge the construction material of this coin, A feature-extraction means to search for the concavo- 
convex information on the punching pattern in a coin front face from the impedance of each eddy current coil when 
carrying out RF actuation of said eddy current coil, The coin identification unit characterized by providing a pattern 
[ that compare the concavo-convex information on the punching pattern searched for with this feature-extraction means 
with the concavo-convex information on the punching pattern of the coin of normal currently called for beforehand, 
and the classification of coin is identified ] judging means. 

[Claim 2] Said feature-extraction means is a coin identification unit according to claim 1 characterized by consisting of 
a histogram creation means create as description information to express the concavo-convex information on a punching 
pattern [ in / for the histogram which shows distribution of an impedance to this impedance of each eddy current coil 
when carrying out RF actuation of said eddy current coil / a coin front face ]. 

[Claim 3] It is the coin identification unit according to claim 1 which said two or more eddy current coils make a 
rectangle-like grid on a flat surface, or make a predetermined geometric array, and form a coil array, and said RF 
driving means carries out RF actuation of all the eddy current coils that constitute said coil array at order, scans the 
whole region of coin, and is characterized by said low frequency driving means carrying out low frequency actuation 
only of the specific eddy current coil in said coil array. 

[Claim 4] Said eddy current coil of the specification by which low frequency actuation is carried out is a coin 
identification unit according to claim 3 characterized by consisting of an eddy current coil of the predetermined 
number arranged in the abbreviation center section in two or more eddy current coils which make a coil array. 
[Claim 5] Said two or more eddy current coils are coin identification units according to claim 1 characterized by 
consisting of two or more eddy current coils by which form a coil array, are prepared and RF actuation is carried out, 
and an eddy current coil by which arranges to the flank of this coil array, is prepared, and low frequency actuation is 
carried out. 

[Claim 6] Said two or more eddy current coils are coin identification units according to claim 1 characterized by 
consisting of two or more eddy current coils by which form a coil array, are prepared and RF actuation is carried out, 
and an eddy current coil by which is prepared in this coil array in piles, and low frequency actuation is carried out. 
[Claim 7] The coin identification unit characterized by having a diameter measurement means of coin to be a coin 
identification unit according to claim 1, and to measure the diameter of coin from the impedance of each eddy current 
coil when carrying out RF actuation of said eddy current coil further. 

[Claim 8] The coin identification unit characterized by having a coin thickness measurement means to be a coin 
identification unit according to claim 1, and to measure the thickness of coin from the impedance of each eddy current 
coil when carrying out RF actuation of said eddy current coil further. 

[Claim 9] The coin identification unit which is a coin identification unit according to claim 1, and is characterized by 
having an image-processing means to regard the concavo-convex information on the punching pattern in a coil front 
face as two-dimensional or a three-dimension image from the impedance of each eddy current coil when carrying out 
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RF actuation of said eddy current coil fur^lP 

[Claim 10] It is the coin identification unit according to claim 1 which said RF driving means drives said eddy current 
coil on the frequency of 700kHz - about 1MHz, makes generate RF electromagnetic field, and is characterized by for 
said low frequency driving means driving said eddy current coil on the frequency of 10kHz - about 100kHz, and 
generating low frequency electromagnetic field. 

[Claim 11] Said RF driving means and a low frequency driving means are a coin identification unit according to claim 
1 characterized by consisting of a voltage-controlled oscillator with which adjustable control of the oscillation 
frequency is carried out by the control voltage applied from the outside, changing the frequency which drives an eddy 
current coil by changing the above-mentioned control voltage, and functioning as a RF driving means or a low 
frequency driving means. 

[Claim 12] It is the coin identification unit according to claim 1 which oscillation actuation of said two or more eddy 
current coils is carried out through a multiplexer alternatively in response to the fact that the output from a voltage- 
controlled oscillator, and is characterized by the above-mentioned multiplexer scanning the eddy current coil which 
applies the output of a voltage-controlled oscillator at a high speed. 

[Claim 13] Said eddy current coil by which low frequency actuation is carried out is a coin identification unit 
according to claim 1 characterized by being prepared apart from two or more eddy current coils by which RF actuation 
is carried out. 

[Claim 14] Said low frequency driving means is a coin identification unit according to claim 1 characterized by 
generating the low frequency electromagnetic field which said eddy current coil is selectively driven on two or more 
sorts of frequencies of about 100kHz, or the drive frequency of said eddy current coil is changed continuously in an 
about 100kHz frequency range, and are added to two or more parts of coin. 

[Claim 15] Said two or more eddy current coils are coin identification units according to claim 1 characterized by 
carrying out a matrix array on a flat surface, and carrying out opposite arrangement of the coil array at nothing and the 
table rear face of coin, respectively. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the outline configuration of the coil array included in the coin identification unit 
concerning 1 operation gestalt of this invention, and the array configuration of the coil array and the eddy current coil 
for low frequency actuation which are built into a coin identification unit. 

[Drawing 2] Drawing showing the configuration of the flat-surface coil (eddy current coil) which constitutes the coil 
array shown in drawing 1 . 

[Drawing 3] The front view in which having fractured a part of sensing section in the coin identification unit 

concerning one example of this invention, and having shown the internal structure. 

[Drawing 4] The top view which looked at the sensing section from the upper part. 

[Drawing 5] The side elevation which looked at the sensing section from [ of coin ] migration. 

[Drawing 6] Drawing showing the example of arrangement over the coin of the eddy current coil in another operation 

gestalt of this invention. 

[Drawing 7] The overall outline block diagram of the coin identification unit concerning 1 operation gestalt of this 
invention. 

[Drawin g 8] Drawing showing typically the relation between the eddy current coil in a coin identification unit, and the 
coin to which an alternating current field is locally added with this eddy current coil. 

[Drawing 9] Drawing showing an example of the rough procedure of the coin discernment processing performed in a 
microprocessor. 

[Drawing 10] Drawing showing the example of the table which stored the information on the coin used for coin 
discernment processing. 

[Drawing 11] Drawing showing the example of the histogram showing distribution of the irregularity which the 
punching pattern of coin makes of an impedance. 
[Description of Notations] 

1 Coil Array 

2 Eddy Current Coil 
10 Coin 

21 Microprocessor 

22 Controller 

23 Multiplexer 

24 Voltage-controlled Oscillator (RF Driving Means / Low Frequency Driving Means) 

25 Amplifier (Impedance Measurement Means) 

26 Amplitude/Phase Detector 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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